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Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S126but was shifted temporally. qPCR results conﬁrmed that the oscillationwas
also detectable at the RNA level.
Conclusions: Following dissection and culture, HtrA1 protein and RNA
levels oscillate in articular cartilage. SIL also induces HtrA1 oscillations, but
the oscillation is delayed in onset. We are currently investigating the
mechanisms behind this response. Some evidence exists that cartilage
dissection induces expression of cell cycle proteins, and we propose that
HtrA1 may be involved in the control of the cell cycle in response to
damage.
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STUDY OF THE O-LINKED-N-ACETYL-GLUCOSAMINYLATION OF
PROTEINS INDUCED BY HIGH DOSES OF GLUCOSAMINE AND ITS
CORRELATION WITH OSTEOARTHRITIS PROGRESSION
R. Largo, L. Tardío, J. Andrés-Bergós, G. Herrero-Beaumont. IIS-Fundacion
Jimenez Diaz, Madrid, Spain
Purpose: The addition of O-linked N-acetylglucosamine (O- GlcNAc) on
serine/threonine residues on cytoplasmic and nuclear proteins is a post-
translational modiﬁcation that has been implicated in the regulation of
a variety of signal transduction pathways. O-GlcNAcylation has been also
shown to be deregulated in degenerative and age related diseases, such as
Alzheimer, cancer and diabetes. In fact, we have previously demonstrated
that human OA is characterized by the accumulation of O-GlcNAcmodiﬁed
proteins in the cartilage through the activation of the hexosamine
biosynthesis pathway (HBP). Glucosamine sulfate (GS) is a natural
glycosaminoglycan commonly used for the treatment of OA. Although its
mechanism of action remains to be elucidated, it is known that glucos-
amine at high doses act as an inducer of HBP ﬂux. The aims of this study
were: (1) to determine whether an inductor of HBP ﬂux could modify the
amount of O-GlcNac modiﬁed proteins or the expression of the key
enzymes responsible for GlcNAcylation: O-GlcNAc transferase (OGT) and
O-GlcNAcase (OGA); (2) to assess if this HBP manipulation could have any
effect on the progression of cartilage damage in an experimental model of
OA in rabbits.
Methods: We employed an experimental model of OA in rabbits induced
by anterior cruciate ligament transection and partial medial menisectomy.
OA was induced in 30 New Zealand rabbits that were sacriﬁced 12 weeks
after surgery. 15 of those rabbits orally received GS (1500 mg/day) from 2
weeks before surgery until the end of the study. 8 additional rabbits were
employed as healthy controls. At sacriﬁce, the hyaline cartilage from the
medial tibia was extracted to carry out further protein expression studies.
Some fragments were immediately frozen while others were digested in
order to isolate chondrocytes. Furthermore, femurs were ﬁxed and
embedded in parafﬁn for histological analysis. Cyclooxigenase-2 (COX-2),
OGT, OGA and the amount of O-GlcNAcmodiﬁed proteins were assessed by
western blot analysis employing speciﬁc antibodies. Cartilage lesions were
quantiﬁed employing the Mankin score in sections stained with hema-
toxylin-eosin and alcian-blue PAS.
Results: We observed a signiﬁcant increase in the amount of O-GlcNAcy-
lated proteins in the cartilage of OA rabbits in comparison to healthy ones,
a result that was in line with our data in human OA. In OA rabbits, GS
treatment was able to signiﬁcantly reduce the amount of O-GlcNAc
modiﬁed proteins after 14 weeks of treatment. Regarding OGT protein
expression, OA rabbits showed an increased presence of the short and long
isoforms of this enzyme in the cartilage and in isolated chondrocytes, in
comparison to healthy rabbits (Healthy: 0.6+0.1; OA: 1.7+0.2; p<0.05).
However, GS treatment was unable to modify the presence of this enzyme
in the cartilage of the rabbits (OA+GS: 0.4+0.1). Furthermore, OA induced
a decrease in the presence of OGA in the cartilage that was not modiﬁed by
GS administration either (Healthy: 10.8+1.6; OA: 1.4+0.6*; OA+GS: 1.1+0.3;
* p<0.05 vs. H). GS treatment ameliorated cartilage damage induced by OA
surgery and measured by the Mankin score (OA:9.1+1.3; OA+GS:5.5+0.6;
p<0.05). A decrease was observed in both structural and cellular alter-
ations induced by OA, as well as in the proteoglycan staining. GS also
induced a signiﬁcant inhibition in the protein expression of the proin-
ﬂammatory mediator COX-2 in the cartilage of the rabbits (OA: 2.3+0.3;
OA+GS: 0.4+0.1; p<0.05).
Conclusions: Our results demonstrate that a diminution in OA cartilage
damage paralleled to a diminution in O-GlcNAc protein glycosylation,suggesting that O-GlcNAc glycosilation could have a phisio-pathological
role in OA. However, GS was unable tomodify the presence of the enzymes
that regulate O- GlcNAcylation, wich points out to additional mechanisms
of control of O-GlcNAcylation by GS.
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ANALYSES OF CARTILAGE SUPERFICIAL LAYER USING
IMMUNOHISTOCHEMICAL STAINING
R. Fujioka 1, T. Aoyama 2, T. Takakuwa 1. 1Dept. of Human Hlth.Sci., Graduate
Sch. of Med., Kyoto Univ., kyoto, Japan; 2Dept. of Motor Function Analysis,
Graduate Sch. of Med., Kyoto Univ., kyoto, Japan
Purpose: In recent years, many approaches to cartilage regeneration have
been studied, but only chondrocyte and extracellular matrix(ECM), such as
type 2 collagen and aggrecan, are focused as indicators of tissue regener-
ation. Although it is considered cartilage superﬁcial layer (lamina splen-
dens) is likely to play a key role in the function of articular cartilage, it is
hardly evaluated, since little is known about the components of lamina
splendens. Some studies suggested, in lamina splendens, collagen ﬁbrils
run parallel to the surface of articulation, and it is composed of type 1 and
type 3 collagen instead of lack of type 2 collagen, which is the major type of
collagen in articular cartilage. The purpose of this study is to analyze more
detailed structure of lamina splendens and histological distribution of type
1 and type 3 collagen.
Methods: 1) Samples of pig normal articular cartilage were obtained from
knee joint (tibia). Subchondral bone was cut off and non-decalciﬁcation
parafﬁne specimens were made. After sectioning, they were treated with
anti-type 1 collagen antibodies and anti-type 3 collagen antibodies. 2)
Samples of human and pig normal articular cartilage were obtained from
femoral head or tibia, and sliced one millimeter thick. Specimens were
ﬁxed in 2%GA-4%PFA solution and then postﬁxed in 1% osmic acid,
embedded in epoxy resin, and observed under the transmission electron
microscope (TEM). Other specimens were treated with anti-type 1 and
anti-type 3 collagen antibodies after ﬁxation in 0.05%GA-4%PFA solution,
and embedded in epoxy resin(pre-embedding method). Specimens are
observed using a TEM.
Results: 1) The superﬁcial layer, about 10 um, was stained with both anti-
type 1 and anti-type 3 collagen antibodies. 2) By electron microscopy, two
layers were observed at the surface. One was high electron density layer,
and another was low electron density layer, which contains microﬁbrils.
Both of anti-type 1 and anti-type 3 collagen staining were observed in
these two layers, but their size and shape were not uniform. Microﬁbrils in
low electron density layer were not stained.
Conclusions:Although type 1 and type 3 collagen are contained in carti-
lage superﬁcial layer, it is necessary to examine other molecules to
determine the component of superﬁcial layer.
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INHIBITION OF ASPORIN SIGNALING IS CRITICAL IN THE PREVENTION
OF CARTILAGE DAMAGE BY PHYSIOTHERAPIES
D.M. Knapik, P. Perera, J. Nam, H. Phuloria, S. Agarwal. The Ohio State Univ.,
Columbus, OH, USA
Purpose. Physiotherapies are the most frequently recommended non-
invasive treatment options recommended for arthritic diseases. Here, we
examined the signaling pathways responsible for the beneﬁcial effects of
exercise on various stages of monoiodoacetate-induced arthritis (MIA). We
demonstrate that both success and failure of the physiotherapy is medi-
ated via discrete signaling pathways involving Asporin, a susceptibility
gene in osteoarthritis (OA). Asporin-mediated regulation of matrix
synthesis in turn may regulate Transforming Growth Factor-b (TGF-b)
networks essential for cartilage matrix synthesis.
Methods. Treadmill walking (TW), used as a means of exposing MIA
afﬂicted knees to physiotherapy, was initiated in rats at different stages of
MIA induced cartilage damage and compared to unexercised MIA afﬂicted
knees. TW started at 1 day post-MIA induction, or after cartilage damage
had progressed to Grade I or Grade II. The cartilage specimens were
analyzed by macroscopic, microscopic, mCT imaging, transcriptome-wide
gene expression analysis and activation/suppression of signaling
ͦAbstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S127networks. Data was further analyzed by Ingenuity Pathways Analysis to
construct molecular functional networks and signaling pathways to dissect
pathways regulated by exercise. One-way ANOVA and a post hoc Tukey
test were used for statistical analysis.
Results. Treadmill walking immediately following initiation of MIA (1 day
post-MIA induction) demonstrated a signiﬁcant prevention of MIA
progression. However, the efﬁcacy of this intervention was signiﬁcantly
reduced when implemented on knees showing close to Grade I or greater
cartilage damage. On the contrary, TW accelerated damage in the knees
with close to Grade II cartilage pathologies. Transcriptome-wide gene
expression analysis revealed that exercise intervention started 1-day post-
MIA inception signiﬁcantly suppressed signaling networks that inhibit
matrix synthesis. In parallel, TW upregulated gene networks associated
with matrix synthesis. However, TW intervention following Grade I
damage was less effective in preventing cartilage damage and regulating
matrix synthesis. Interestingly, Asporin and networks associatedwith TGF-
b expression and signaling were the major gene products that were
regulated by TW to control matrix synthesis (Aggrecan, Collagen type II,
Matrilin, FRZB, Col 9A2 and Col9A3) and prevent cartilage damage as
evident by microscopic grading of cartilage.
ĂConclusions. The ﬁndings demonstrate that Asporin might be one of the
critical genes controlled by TW, that in turn controls expression of TGF-
b family of molecules, essential for cartilage matrix synthesis. The ﬁndings
underscore the importance of physiotherapies by showing suppression of
Asporin, an OA susceptibility gene by TW. Nevertheless, the extent of
cartilage damage at the initiation of physiotherapy is an important
determinant for the effectiveness of TW.
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ESTIMATION OF CHONDROITIN SULFATE AS A BIOMARKER IN
ARTICULAR CARTILAGE FOR TREATMENT OF OSTEOARTHRITIS
THROUGH ORAL DIACEREIN LOADED LIPID NANOPARTICLES IN RAT
MODEL
S. Singh, III 1, A. Jain, Jr. 1, S.K. Mishra, Jr. 1, S. Singh, II 2, R. Singh, II 3. 1Dept.
of Pharmaceutics, Inst. of Technology,Banaras Hindu Univ., Varanasi, UttarPradesh, India; 2Dept. of Orthopedics, Inst. of Med. Sci.,Banaras Hindu
Univ., Varanasi, Uttar Pradesh, India; 3Dept. of Anatomy, Inst. of Med.
Sci.,Banaras Hindu Univ., Varanasi, Uttar Pradesh, India
Purpose: Osteoarthritis (OA) is a disease which affects joints causing
changes to joint structures speciﬁcally the cartilage. Current treatment
recommendations for OA are intended to provide patient with symptom-
atic relief. Diacerein is novel chondroprotective /connective tissue structure
modifying agent intended for the treatment of OA. Diacerein hydrolyses
into its active metabolite rhein. It selectively inhibits the synthesis of
interleukin- 1(IL-1) and down regulates the production of nitrous oxide
(NO), which are the agents responsible for the cartilage degeneration.
Nanotechnology is continuously providing new strategies to expand the
opportunity for drug delivery. Inside it, solid lipid nanoparticles (SLNs)
enhances lymphatic transport of drugs, reduces hepatic ﬁrst pass metab-
olism and improves bioavailability. Chondroitin sulfate is a kind of
glycosaminoglycan found in the extracellular matrix of the cartilage. Soft-
ening and erosion of cartilage the characteristic early lesions of OA occur in
sites of decreased chondroitin sulfate concentration. Considering all these
attributes, Diacerein loaded SLNs were prepared and thereafter it was
indirectly targeted to joint cartilage using chondroitin sulfate as carrier. On
these accounts, in the present study chondroitin sulfate was estimated in
OA experimental rat model after oral administration of two different
formulation of diacerein and compared with control.
Methods:Adult wistar rats (20020g) were divided in three different
groups (n¼8) for the study. Prior approval from institutional Animal Ethics
committee of Banaras Hindu University, Varanasi, India was taken. The
three groups were treated orally with 0.2% sodium CMC suspension of pure
drug (group 1), prepared SLNs without & with chondroitin sulfate (group 2
& 3) respectively. OA was induced chemically in the right knee of animals
using 2mg/joint intra-articular injection of sodium iodoacetae before
treatment. Treatment was started after 21 days of intra-articular injection.
Left knee of all animals were used as control. After four weeks of treatment
all animals were sacriﬁced and articular cartilage was obtained from the
knee at autopsy using a scalpel blade to cut as deeply as possible without
removing underlying bone. Samples were removed from the posterior
surface of the patella or from the condyles and patellar groove of the
femur. Ethanol fractions were prepared from cartilage samples
digestion in phosphate buffer pH 7 containing trypsin for 16 to 20 hrs at 37
[[Unsupported Character - ]]C and then homogenized for 1-2 minute. Insoluble
debris was removed by brief centrifugation. Supernatant was brought to
40%, 50% & 80% ethanol respectively by addition of ethanol and aqueous
20% potassium acetate solution. At each step supernatant was allowed to
stand overnight at 4 [[Unsupported Character - ]]C and centrifuged. All precipi-
tates were pooled, dissolved in water and were used for determination of
chondroitin sulfate. Before treatment 6 animals (2 animals / group) were
considered for arthritic control. Chondroitin sulfate was indirectly esti-
mated by decreased in absorbance of methylene blue on complexation
with chondroitin sulfate using spectrophotometry.
Results:Chondroitin sulfate concentration in articular cartilage of Normal
control, arthritic control, group1, group 2 and group 3 were found to be
12.434.3, 5.532.6, 6.512.5, 7.52.2 and 8.872.2 mg/mg wet weight of
cartilage respectively. All the values were average of six.
Conclusions: It was revealed from the study that chondroprotective
activity of diacerein can be enhanced by administration of drug in the form
of SLN and it can be further improved by delivering it with chondroitin
sulfate as carrier.ͦCartilage repair
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PREVENTION AND REPAIR OF CARTILAGE DEGENERATION BY A NOVEL
SMALL THIENOINDAZOLE-DERIVATIVE COMPOUND
F. Yano 1, Y. Hosaka 1, A. Fukai 1, T. Saito 1, H. Hojo 1, S. Ohba 1, H.
Kawaguchi 1, U.-I. Chung 1,2. 1 Sch. of Med., Univ. of Tokyo, Tokyo, Japan;
2 Sch. of Engineering, Univ. of Tokyo, Tokyo, Japan
